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¢ basis for cancer therapeutics
— the opportunity and the obstacles

The genetic

The Cancer Genome Atlas Project
November 27th, 2012

Bill Sellers, VP/Global Head Oncology
Novartis Institutes For BioMedical Research



The Paradigm Shift: CML and imatinib

Disease

§1

Pathogenesis

|

Target-based
drug discovery




The genetic paradigm validated:
-a_dramatic reduction in the mortality from CML since 2001

Imatinib Nilotinib

/ /

#*Prevalence
24 800

' Prevalence
~36,800

0
1997 1998 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Incidence Mortality
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\ Mutations in the kinase domain of EGFR

Post-freatment

Paez et al Science 2004, Lynch et al NEJM 2004, Pao et al PNAS 2004



Two models of drug development

Intact-2 Trial

GOLrank P = 0562

—— Gefitinib 500 mg/day
~— Gefitinib 250 mg/day
Placebo

®
)
o
S
&
o
o))
o
a
B
Q
Q
a
o
a

10
Survival Time (months)

Atrisk 1037 641 442 250 91 27

Population: intent-to-treat

Pre-tr
Empiric

Post-treatment”

Pathogenesis-driven
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\ Two models of drug development

What are the problems or impediments to Plan B?

#1. We do not know the complete compendium of
genetic alterations in cancer.

We need to “finish” the atlas....
........... and we have a long way to go.
-all cancer types and subtypes

-pre-malignant lesions, early stage cancer,
metastatic cancer....

-completion to the extent that we can robustly define
functionally redundant, cooperating and antagonistic
genetic events.
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\ Two models of drug development

What are the problems or impediments to Plan B?

#2. Most known genetic alterations have not led directly
to drug candidates.
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Problem #2a Most oncogenes are not "druggable”

Disease Oncogene

Lymphoma
CLL

Pancreatic Ca
Bladder Ca
Leukemia
Melanoma

Prostate Ca

Many
Rhabdomyosarcoma
Synovial Sarcoma
Liposarcoma
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BCL2

RAS

ERG1/ETV1

MYC
PAX3-FKHR
SYT-SSX

MDM2

Disease

|

Pathogenesis

|

Target-based
drug discovery



. ABT737 —a small molecule BCL2 inhibitor

BH3 peptide bound to BCLxL  ABT/37 bound to BCLxL

= Pre-clinical activity against cell lines bearing the BCL2 translocation.

= ABT-263 — the lead clinical candidate is currently in Phase I/ll trials.

Oltersdorf T et al Nature. 2005 435:677-81



Problem #2b: Drugging tumor suppressor pathways

SHh
Growth Factors Growth Factors DNA damage/Stress ligands

. J \ L

RTKs Cyclin D1- ATM/ATR |
\l, CDK4 MDM2 T
PI3K . SMO
SuFu \l,
p21CIP MDM?2 Fused
PUMA
DHFR CycE
MmTOR .y
Transcriptional
\1’ targets
S6K

. Tumor suppressor genes
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Problem #2b: Drugging tumor suppressor pathways

= Germline mutation of PTCH leads to the "SHh
- gands
development of hereditary basal cell
carcinoma. 1

= Acquired mutations in PTCH are found in LDE225

medulloblastoma (~30%) and in sporadic y !

basal cell carcinoma. ﬁO\
= Cyclopamine discovered as a natural SUF{ \l/
product inhibitor of SMO (Beachy lab). Fused

Transcriptional
targets

S. Pan, ACS Med. Chem. Leftt. 2010
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Problem #2b: Drugging tumor suppressor pathways

In vitro Smo binding

Assay 1IC5,
(nM)

Cellular activity

Assay IC,(NM)

Shh-induced 7
Gli1Luciferase

Whnt-induced 3900
STF-Luciferase

SHh
ligands

1

“sMO

SuFu
"

Fused

LDE225 ?
N7

Transcriptional
targets (e.g. Gli1, Ptch)

S. Pan, ACS Med. Chem. Leftt. 2010



LDE225activity in orthotopic medulloblastoma
_Representative brains from 3D MRI (red indicates tumor)

Legend

Cerebrum Cerebellum

Olf. .
bulb’:x '

o
-

Vehicle

LDE225

40 mg/kg/day b.

Tumor Volume (mm3)

Days after
Implantation

= |n established orthotopic model of medulloblastoma, LDE225 leads to tumor regression up
to day 28 from start of treatment.
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Gene signatures in medulloblastoma

= Medulloblastoma has distinct subsets. ~30%
can be defined as “Hh-active” by expression
profiles.

= \We developed an expression signature using
40 medullo FFPE tumor samples analyzed
using TagMan Low Density Arrays

 Predictive multi-gene model building using
the elastic net method

» Optimal model selection using 5-fold cross-
validation

Gli1
Shroom?2
SPHK1

= More facile than genetic profiling
of the pathway.

= Caveat: might include Gli1
amplified tumors (likely resistant
to SMO inhibitor). PDLIM3

Upregulated

©
()
-
AW
>
(@)}
()
e
c
=
(@)
a

Geoerger et al. 2012 International Society

of Pediatric Oncology. Oral Presentation
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LDE225: CR in a child with medulloblastoma

Baseline Cycle 2 Cycle 5

Geoerger et al. 2012 International Society
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Biomarker signature results — investigational data

Medulloblastoma trial

Responders/ Responder/
Hh-activated Hh-non-activated

Adults 3/3 (3 PR)

Pediatrics 2/2 (2 CR)

Total 5/5

Geoerger et al. 2012 International Society
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_Synthetic lethality in cancer therapeutics

Synthetic Lethality Synthetic Lethality

(Genetic event Phenotype Genetic event Phenotype

Viable Viable
El  viave Viable

¢ B3 Lethal & ethal

Major advantage: Hypothesis driven clinical trials.
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Problem #2b: Drugging tumor suppressor pathways

SHh
Growth Factors Growth Factors DNA damage/Stress ligands

. J \ L

RTKs Cyclin D1- ATM/ATR |
\l, CDK4 MDM2 T
PI3K D SMO
SuFu \l,
p21CIP MDM?2 Fused
‘/EZFS\‘ PUMA
HFR CycE
Transcriptional
targets

S6K

. Tumor suppressor genes
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\ Tuberous sclerosis and mTOR inhibition

Growth Factors

l Tuberous Sclerosis
RTKs * 1-2 million patients worldwide
\l/  Recessive mutations in TSC1/2
PI3K

PTEN
_'¢ LiB1 Manifestations:

KT
I AMPK Renal: angiomyolipomas

1

mTOR Skin: subungual fibromas, facial angiofibromas,

hypomelanoytic plaques

N

S6K
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d CNS: cortical tubers, subependymal giant
- astrocytomas, seizures (60-90%)



RADOQOO1: an allosteric mTORC1 inhibitor

RADOO1 (Everolimus) — bound to FKBP 12
Growth Factors

J

RTKs

J

PI3K
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RADOQOO1: an allosteric mTORC1 inhibitor

Growth Factors Subependymal Giant Cell Astrocytoma

J

RTKs

J

PI3K
PTEN — LKB1

1

AKT ; v,
AMPK g’ |
& Pre-treatment  RADOQO]

S6K




RADOO1: an allosteric mTORC1 inhibitor

Growth Factors

\l, K-M plot of time to SEGA progression
1001 - Y - -
RTKs T -

J < 80 TR

>
PTEN — LKB1 S Log-rank p value = 0.0002*
J_ o 40

o

AKT
I AMPK 20
o

MTOR™ = |n Phase Il Exist-l trial:
\lz * 35% partial response rate in treated vs. 0% in placebo

S6K * In the AML renal tumors 53% PR rate v 0% in placebo.

M. Bebin et al ECCO-ESMO 2011
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_Synthetic lethality in cancer therapeutics

Synthetic Lethality Synthetic Lethality
Genetic event Phenotype Genetic event Phenotype
Viable TSC Viable

B Viable Viable
and [ Lethal 4 RAD001 [ERSGH
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Everolimus: approved in ER+ breast cancer

B Central Assessment

100 Hazard ratio, 0.36 (95% Cl, 0.27-0.47)
90- P<0.001 by log-rank test

80-
70- Everolimus plus exemestane
(median PFS, 10.6 mo)

)T
Placebo plus exemestane

hy Jt
(median PFS, 4.1 mo) e e e e e e e

X
ey
c
)
>
L
(i
o
=
)
©
e
)
o

6 12 18 24 30 36 42 48 54 60 66 72
Weeks

No. at Risk
Everolimus 485 385 281 201 132 102 67 43
Placebo 239 168 94 55 33 20 11 11

24 | The Genetic Basis for Cancer Therapeutics| William R. Sellers| November 27tht", 2012 Base/ga etal 2012 N Engl J Med 366,6



Is there an underlying genetic linkage in breast cancer?

Mutations Clinical Status

Growth Factors

\

RTKs
PI3K
PTEN — LKB1
AKT 'L
| AMPK
HER2-
enriched
/-I-\ Basal-like
mTOR
\l/ Al 36% 3% 3% 2%
[N 45% 4% 0.4% 4%
SoeK LuminalBl 29% 4% 2% 2%

HER2-enriched 39% 2% 4% 2%

B % 1%

Percentages of cases with mutation by expression subtype

The Cancer Genome Atlas Network, Nature 2012 (*modified Figure 1)



PI3K pathway — genetic alterations in glioma

Growth Factors

O Treated + hypermutated
O Treated
B Untreated

2}
C
QO
“—
T
+
-
=
O
pra—
©
=
O
)

IP53 PIEN NF1 EGFR ERBB2 RB1 PIK3R1 PIK3CA
g-value: <10® <10® <10® <10® <10® 7x10® <108 5x 107

Treated +
hypermutated: 6 2 0 0

Treated: 5 1
Untreated: 27 5

Nature. 2008 Oct 23;455(7216):1061-8. Comprehensive genomic
characterization defines human glioblastoma genes and core
pathways. Cancer Genome Atlas Research Network.
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. PTEN loss leads to PISK dependence

PC3 BT549

DOX sh-ctrl shPIK3Cf sh-ctrl shPIK3Cp
- Pten -/- x
Ctrl  Pik3ca -/- Pik3cp /-
+ ad ",'.._.._:.?&-—'-JF !
TR <
Qo
m
DOX
) 3
(e
>
AN
_|
+

* Inducible knockdown of p110a blocks PTEN-deficient cell growth in vitro

* Constitutive KO of shPIK3Cp in mice blocks prostate tumor formation in PTEN-/-.

Susan Wee, D. Weiderschain et al, PNAS 2008

Shidong Jia et al, Nature 2008
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BKM120: a pan-Type | PI3K inhibitor

Growth Factors

—
—

6

\1, p1100
S6K p110y 262
VPS34 2410
Maira SM Pecchi S et al Mol Cancer Ther. 2012

g |
EGFR -
B =X
PI3K A N
i O | FRERT
50 50
AT
L L R R
otz EC 3 GO
1 D R R
mTOR
o e |
o
e
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BKM120 — tumor vs. brain PK/PD

Plasma

Vehicle BKM120

Concentration of BKM120
(#mol/L or nmol/g) mean + SEM
% pAKT (Serd473)/Total AKT mean + SEM

@

|

|

|
°
0

Time post treatment (hours) n = 3 per time point

Tumor

Concentration of GDC-0941
(#mol/L or nmol/g) mean + SEM

% pAKT (Serd473)/Total AKT mean + SEM

Brain — EGFP-labeled MBA-MB-453 cells

Time post treatment (hours) n = 3 per time point
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BKM120 undergoing investigational trials in GBM

= Novartis is currently conducting 2 clinical trials exploring the safety and activity
of BKM120 in GBM

= Phase | study of BKM120 in combination with temozolomide and Radiation
therapy for patients with newly diagnosed GBM: this trial is currently recruiting
patients at multiple clinical centers in the US, Europe, and Australia; initial dose
cohorts have been enrolled and no unexpected safety signals have been
encountered.

= Phase Il study of single agent BKM120 for patients with recurrent GBM:
currently ongoing with robust enrollment at multiple centers in the US;

= In arm 1, the activity of BKM120 at a biomarker (PK/PD) level will be evaluated where patients
receive BKM120 for 2 weeks and then undergo surgery before continuing BKM120 — tissue will be
analyzed at the end of the trial

* |[n arm 2, patients with recurrent GBM with PI3K pathway activation are being enrolled to assess the
efficacy of BKM120 — progression free survival is the primary endpoint

30 | The Genetic Basis for Cancer Therapeutics| William R. Sellers| November 27thth, 2012 | Business Use Only



_Synthetic lethality in cancer therapeutics

Synthetic Lethality Synthetic Lethality

Genetic event Phenotype Genetic event Phenotype

Viable Viable
B Viable ' BKM120 VETIE

and B} Lethal 3 BKM120 [[RSGE
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Finding “synthetic” lethality thru shRNA screening

Cell line panel approach

BRI T ge

§ shRNA pool

Wild-type panel Mutant panel

by NextGen
Sequencing

$ N
T | E8gSscEs, [ | promotion
‘ inhibition
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Pooled shRNA screen identifies 3-catenin dependence
of WNT pathway mutated cancer cell lines

APC/B-catenin pathway in cancer

r @\e =»

B-catenin

Colorectal &
other cancer

p-catenin- shRNA1

Growth

Top 5 selectively lethal shRNAs
In APC/p-cat mutant cells

shRNA p value
p-catenin-426 1.15E-15
p-catenin-2202 1.31E-10

p-catenin- sShRNA2

Cell lines

Hit #1 8.32E-07 |
B-catenin-2279 4.73E-06 APC and/or B-catenin

Hit #2 9.40E-06 MUT . WT N/A
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\ Two models of drug development

What are the problems or impediments to Plan B?

#3. Resistance develops to targeted agents.
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Mechanisms of resistance

Mechanisms that

antagonize target inhibition

Target
mutation

Drug

e
”" INEiaNor o tralization

tumor re-growth

a Addicting Oncogene and Drug Target
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Resistance to BCR-ABL inhibition

Mutations leading to insensitivity/resistance to imatinib

M

LMM M
MMMM M (
C MMMM MMM

M2V asamR E255K M351T / F359V /L387T™M

G250E Y253F/H r3151 F317L E355G V3791 H396R

Pathway Reactivation
Disease Progression

Azam M et al. Cell 2003 Shah N et al. Cancer Cell. 2002



Resistance to BCR-ABL inhibition

Imatinib (Gleevec™) Nilotinib (Tasigna™)

Imatinib Nilotinib
BCR-ABL Inhibition (cell IC) 20 nm

Feature

cKIT inhibition (cell IC5,)

Weisberg E, Manley PW et al Cancer Cell. 2005 7:129-41



Improved BCR-ABL inhibition improves outcomes

Kantarjian et. al. Lancet Oncol 2011

—————— Nilotinib 300 mg
Nilotinib 400 mg

Imatinib
55%*

p—
O
el
Ecv
Y“— 0
o C
80
[}
T =
g
Ea
W
S 9
235
® £
)
€
-
o

T T T T T | 1
15 18 21 24 27 30 33

Time since randomisation (months)

Nilotinib
BCR-ABL Inhibition (cell IC,) 221 nm m

cKIT inhibition (cell IC,) 108 NM == 151 nM
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Mechanisms of resistance

Mechanisms that

antagonize target inhibition " In some cases, improved or
enhanced targeted inhibition

Target can overcome resistance

mutation Drug
neutralization

\— irffiibitor = Such improved inhibitors will
” likely have improved efficacy
Qi)

| = Question: Are there other

in the front-line setting.
G opportunities?

tumor re-growth

e Addicting Oncogene and Drug Target
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h Genomics Institute of the
L

LDK378 — a potent ALK inhibitor Z Eonion
= ALK-driven lung cancers Crizotinib
have high response rate ~ ASsay ICsq (UM)

to Crizotinib. Enzymatic
ALK

MET

Cell-based
ALK
MET

= However, resistance
does develop readily.

= Question: will a more
potent ALK inhibitor ~4—Vehicle -
. . N = | DK378 3.125 mgikg T/C = 41%
work in the Crizotinib ~~LDK378 6.25 mglkg TIC = 36%
) _ LDK378 12.5 mgikg T/C = -64%
refractory setting (akin to
Nilotinib)

-8—-LDK378 25 mg/kg T/C = -100%

Tumor Volume

Pierre-Yves Michellys Nanxin Li



Comparing inhibitors in the Cancer Cell Line

Encyclopedia (CCLE) 2012 profiling data

LDK378

®
ARPAS-299 SUP-M2

O

e —————————

—_

0.4 0.6

Crossing Point

KARPAS-299

L
DEL .

NGRS R NS SN J%R NNg SEONN FNOPL N S ) S

0.4 0.6

Crossing Point




.\O ~N
20 R R & > A
N N .§) -
= $ $ . &S
A RA AN S A R\ N N o Vv
S SIS SI TS
> 0"'
| -
@)
‘S o0 43* 13+ -
c  |----- -5 -B-- -BE-3- -B- 30%
'q—) o
-40 1O _
) T 204
S O 10+ 18+,
c 21+ 13+ 12
O .60 -
e 32+
D
2 80
D“_’ Bl = Response rate is 81% (19/24) in patients with
NSCLC treated at 2 400 mg who progressed on
g crizotinib.

R. Mehra, A. Boral, A. Shaw ASCO 2012
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Mechanisms of resistance in the BRAF setting

Mechanisms that bypass
target dependence

e = inhibitor

Downstream
pathway
activation

Bypass \\ ‘l'
pathway AN
activation \\ G

tumor re-growth

0 Addicting Oncogene and Drug Target
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Mechanisms of resistance in the BRAF setting

RTKs Mechanisms that bypass
‘l' target dependence

Grb2/S0OS
N, K-RAS BRAF inhibitor RAS \‘»BRAF |— inhibitor

\;/ CRAF | _—
CRAF o ownsiream
BRAF /C_OT MEK pathway
‘1, ‘/L/ MEK allosteric 3 l, activation
ypass N
MEK pathway N\
l, activation \\ G

\
!
ERK Y
‘l' tumor re-growth
ETS

Q Addicting Oncogene and Drug Target

44 | The Genetic Basis for Cancer Therapeutics| William R. Sellers| November 27thth, 2012 | Business Use Only



\ Two models of drug development

What are the problems or impediments to Plan B?

#4. One drug is never enough.
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Problem 4: Discovering highly effective combinations

SHh
DNA damage/Stress ligands

N

ATM/ATR

E2Fs

¥ N

DHFR  CycE

Transcriptional
targets

Targets of Novartis
drugs in human trials
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Ways to Explore the Combination Space

1. Hypothesis-directed combinations
-hopefully more than “one-offs”

\| Jaoue)

2. Systematic in one-dimension
-one cell line x combo’s
-one combo x many lines
O

'

3. Systematic in three-dimensions
-many cell lines x many combo’s
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S|apo\ Jaouen



Larger-scale combination screen
-collaboration with Zalicus/CombinatoRx

/70 compounds

70 compounds

Antagonism
98 = -
95 = - - =N 63 =

72 I 65 e

~27 million data points (triplicate data)

1. What are the “best” combination partners? Topoisomerase inhib.

2. Are there underlying principles of combination
therapy that can be discovered?
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~Two models of drug development

What are the problems or impediments to Plan B?

#5. Lack of a robust pre-clinical translational
infrastructure.
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From one cell line to an encyclopedia

Cell Line




From one cell line to an encyclopedia




'6.0 ~1000 completed

U

5: OncoMap ~1000 comp.
apture Seq (1500 genes)

~1000 completed

s [T]
’ 3¢
'S
g

Express Profiles

BNy
»
i
10U
—" "

\.\\._,\.\.\\.\\.\\\\\\\\.\.\}1111111111'1 .
p \\\.\'\-}111‘11111\"

rr VPP P77

T TN TR
VI P LLLLLL,

- = ST TETS Qﬁu

B

The Cell Line Encyclopedia: 1000 annotated cell lines




The Cell Line Encyclopedia: 1000 annotated cell lines

Express Profiles
~1000 completed
)

9]

rrrrrrrrrERE

rrrrrrr
PPPAAA rr-r-r

SNP 6.0 ~1000 completed
Mutations: OncoMap ~1000 comp.
Hybrid Capture Seq (1500 genes)



FIPPPEE PP |
rrrP Py )

Goal: To identify predictive biomarkers for pt selection



Problem: How do we profile the “cube” ?




BYL719 Binding Mode in PI3Kalpha

nge N\ BYL719
binding
N
CF,
>
HN

o
Q@
520\
2

Ny

o
@@
g

(3,

N
Q, o Alpha wt
.,,,(

Alpha E545K 4
Alpha H1047R 5
Beta 1’156
Delta 290
Gamma 250

Vps34 >9°100

mTOR >9’100
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Compound centric view of the “cube” (CLE)
Pharmacologic sensitivity for 1300 compounds in >500 cell lines

BYL/19




Known Genetic Predictors "Discovered” by Algorithms

1. Compound response

| 3. Molecular Features

Compound Target(s) Feature
Lineage

(anger annot) BYL719 PIK3CA PIK3CA Mut

DNA Copy PF2341066 MET Met amp

(Gene and GISTIC amp)

2. Sensitivity Classification Lapatinib ERBB2 ERBB2 amp

Mutations
(OncoMap, NGS)

1L AZD0530 Multi-kinase = EGFR mut
Sensitive Expression

(Affy & pathways) PD0325901 MEK BRAF mut
. Intermediate
AZD6244 MEK BRAF mut

Refractory
PLX4720 BRAF BRAF mut

LGX818 BRAF BRAF mut

Regression-based
Elastic Net
Model Building
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BYL719 is the first PI3Ka inhibitor to enter a clinical trial

Dose

Escalation

Arm

BYL719 MTD
Patients with (or RP2D)
relapsing/ of single-
refractory agent
PIK3CA mutant | BYL719
solid tumors

(at least 21pts)

MTD
Expansion
Arm

BYL719

Patients with
relapsing/refractory
PIK3CA mutant
solid tumors

(at least 16pts)

Key objective to determine MTD
(or RP2D) and to evaluate safety
and tolerability in patients with
advanced solid tumors

BYL719 is well tolerated

First signs of of tumor
shrinkage and long-term
stable disease
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Response in a patient with PIK3CA™Ut ovarian carcinoma

‘ - — . \
\ ) A N o, N

Baseline 6/2011 C2D28 8/2011
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_Encyclopedia 2.0 Primary Human tumor models

Tumor type Received Established

Colon
Lung

Breast*
)

3 X
Molecular Progress
Annotations (tot = 410)

SNP 6.0 286

Pancreas

Ovary

Sarcoma
Kidney

Melanoma

Affy U133 288
RNA-Seq 55
Whole Exome 12

2K exome

Uterus
Esophagus
Brain
Lymphoma

Stomach

Liver

Implant Intestine
Others*
Total 2011
Total 2010

Totgl 2007
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Towards curative therapy for cancer.

#1. Complete the cancer genome in

Disease depth.
#2a. Work on validated difficult to drug
targets.

Pathogenesis  #2b. Discover synthetic lethal drug targets.

1 #3. Study resistance pre-clinically.

#4. Discover novel highly active
combinations and test them early

Target-based clinical development.
drug discovery
#5. Build a robust pre-clinical translational

infrastructure.
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